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Abstract. Concrete is a versatile material with tremendous applications in civil 
engineering construction. Structural concrete elements are generally made with concrete 
having a compressive strength of 20 to 35 MPa. Lately, there is an increase in use of high 
strength concrete (HSC) in major construction projects such as high-rise buildings, and 
bridges involving members of different sizes and shapes. The compressive strength of 
concrete is used as the most basic and important material property in the design of 
reinforced concrete structures. It has become a problem to use this value as the control 
specimen sizes and shapes are different from country to country. In India, the 
characteristic compressive strength is usually measured based on 150 mm cubes [1]. But, 
the ACI code of practice specifies the design compressive strength based on the standard 
150  300 mm cylinders [2]. The use of 100  200 mm cylinders gained more acceptance 
as the need to test high strength concrete increases [3]. In this context the size and shape 
of concrete becomes an important parameter for the compressive strength.  
In view of the significance of compressive strength of concrete and due to the fact that the 
structural elements of different sizes and shapes are used, it is proposed to investigate the 
effect of size and shape of the specimen on the compressive strength of concrete. In this 
work, specimens of plain as well as Glass Fiber Reinforced Concrete (GFRC) specimens 
are cast in order to carry out a comparative study.  
Key words: compressive strength, size effect, glass fiber reinforced concrete. 
1. INTRODUCTION 
It is important to consider the effect of size and shape while estimating the ultimate 
compressive strength of a concrete member under various loading conditions. In 
estimation of the ultimate strength of a concrete flexural member, the effect of member 
size is usually not considered [4,5]. In general for various types of loading, however, the 
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strength always decreases with an increase of member size [6,7,8,9]. Further, there is also 
an influence of the shape of the specimen. This research work hence focuses on the size 
effect of axial compressive strength of concrete [10,11,12,13]. The present work is 
intended to study the effect of size and shape of specimen on the axial compressive 
strength of concrete. Specimens of various sizes are cast with square and circular cross-
sections i.e., cubes, prisms and cylinders [13,14], and to investigate their behavior in 
compression at 7 and 28 days. Specimens are cast for a concrete mix proportion of 1: 
1.62: 2.64/ 0.50 with and without alkali resistant glass fiber. Specimens of plain as well as 
glass fiber concrete are tested for 7 and 28-day strengths in axial compression.  
2. EXPERIMENTAL PROGRAM 
To study the size and shape effect of test specimens on the compressive strength of 
GFRC a detailed experimental program has been proposed. Table-1 shows the details of 
the specimens cast to study the same. The details of the companion plain concrete 
specimens are also given. 
Table 1. Details of Specimens Tested 
No. of plain concrete 
specimens 
No. of GFRC specimens  S. 
No 
Specimen 
type 
Specimen size 
(mm) 
7-day comp. 
strength 
28-day comp. 
strength 
7-day comp. 
strength 
28-day comp. 
strength 
Total No. 
of test 
specimens 
1. Cube  100100100  3 3 3 3  12 
2. Cube  150150150  3 3 3 3  12 
3. Cylinder 100 dia  100ht  3 3 3 3  12 
4. Cylinder 100 dia  200ht  3 3 3 3  12 
5. Cylinder 100 dia  300ht  3 3 3 3  12 
6. Cylinder 100 dia  400ht  3 3 3 3  12 
7. Cylinder 150 dia  150ht  3 3 3 3  12 
8. Cylinder 150 dia  300ht  3 3 3 3  12 
9. Cylinder 150 dia  450ht  3 3 3 3  12 
10. Cylinder 150 dia  600ht  3 3 3 3  12 
11. Prism  100100200  3 3 3 3  12 
12. Prism  100100300  3 3 3 3  12 
13. Prism  100100400  3 3 3 3  12 
14. Prism  100100500  3 3 3 3  12 
15. Prism  150150300  3 3 3 3  12 
16. Prism  150150450  3 3 3 3  12 
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2.1 Details of the materials used 
2.1.1 Cement 
Ordinary Portland cement confirming to 53 Grade (as per IS 12269: 1993), river sand 
was used as fine aggregate, while crushed granite was used as coarse aggregate with a 
MSA of 20mm was used through out the investigation. The investigation included studies 
on compressive strength with and without fiber. The cement used was having a normal 
consistency of 36%, with initial setting time and final setting times of 65 minutes and 415 
minutes respectively. The fineness as tested by using sieving method (as per IS 4031 Part 
1: 1996) was 8.5%, while the specific gravity was 3.14.  
2.1.2 Fine Aggregate 
Locally available river sand of 4.75mm down graded to 150 micron is used as fine 
aggregate. The fineness modulus, specific gravity, voids ratio, porosity and the unit 
weights of fine aggregate are 2.3, 2.5, 0.578, 0.366 and 12.75kN/m
3 respectively. The 
properties were determined as per IS 2386: 1999. Sand was confirming to Zone-2 as per 
the graded sample versified as per IS 383: 1970. 
2.1.3 Coarse Aggregate 
The crushed granite stone aggregate of 20mm size downgraded to 4.75mm obtained 
from local crushing plants is used as coarse aggregate in the present investigation. The 
fineness modulus, specific gravity, voids ratio, porosity and the unit weights of coarse 
aggregate are 7.77, 2.68, 0.88, 0.47 and 17.0 kN/m
3 respectively. The properties were 
determined as per IS 2386-1999.  
2.1.4 Glass Fiber 
Glass fiber of alkali resistant type (CEM-FILL) was used in the present study. It has a 
very high tensile strength of order1020-4080 N/mm
2. Alkali resistant glass fibers (AR 
glass) are proved to be exhibiting superior durability properties when used with low 
alkaline cement.  In general fibers are the principal load-carrying members, while the 
surrounding matrix keeps them in the desired locations and orientation, acting as a load 
transfer medium between them, and protects them from environmental damage. In fact, 
the fibers provide reinforcement for the matrix and other useful functions in fiber-
reinforced composite materials. Glass fibers can be incorporated into a matrix either in 
continuous lengths or in discontinuous (chopped) lengths.  
2.2 Mix design procedure 
The mix was designed as per the American Concrete Institute method of Mix Design
1 
(ACI-211.1) of 1991. The mix proportion was 1: 1.62:2.64 with a water-cement ratio of 
0.5.  The cement content per m
3 was 400kgs, while the sand content was 647 and the 
coarse aggregate was 1056 kgs. The water content was 200 Lt/m
3.  An optimum content 
1kg per m
3 of glass fiber was used in the study. M.V. KRISHNA RAO, P. RATHISH KUMAR, B. SRINIVAS  4 
2.3 Casting and testing 
The details of the specimens cast are given in Table-1, confirming with in the narrow 
tolerance to the prescribed shape, dimensions and plainness. The workability studies were 
conducted on fresh concrete as per IS 1199: 1959. The specimens were cast in the cast 
iron moulds of standard dimensions. At the end of 24 hours the specimens were removed 
from the moulds and were placed in clean water for curing. After 7 and 28 days of curing, 
the specimens were taken out from the curing tank. The cylindrical specimens were end-
capped with a vitrobond sulphur based capping compound. The testing procedure was 
confirming to IS 516: 1959. A constant rate of stress equals to 0.2 to 0.4 MPa per second 
was applied on the specimens. The specimens are tested in axial compression, at 7 and 28 
days of age,  on a 3000 kN digital compression test machine in compliance with IS 
516:1959. 
 3. RESULTS AND ANALYSIS 
The results of the experimental program conducted to understand the size and shape 
effect on the compressive strength of concrete is analyzed in detail. Tables 2 and 3 
present the results of axial compression tests conducted on plain concrete specimens and 
glass fiber based concrete specimens respectively. 
Table 2. Compressive strength results (non-fibrous concretes) 
S. 
No 
Specimen 
type 
Size of 
specimen 
(mm) 
Average 7- day
comp. load 
(kN) 
Average 28-day
comp. load 
(kN) 
7-day comp. 
strength 
(MPa) 
28-day comp. 
strength 
(MPa) 
1 Cube  100100100  182.0 302.0 18.20 30.20 
2 Cube  150150150  200.2 334.0 20.02 33.40 
3 Cylinder  100 φ 100ht  211.2 342.0 21.12 34.20 
4 Cylinder  100 φ 200 ht  156.5 256.0 15.65 25.60 
5 Cylinder  100 φ 300 ht  152.1 246.3 15.21 24.63 
6 Cylinder  100 φ 400 ht  148.0 225.4 14.80 22.54 
7 Cylinder  150 φ 150 ht  188.0 296.0 18.80 29.60 
8 Cylinder  150 φ 300 ht  152.9 254.8 15.29 25.48 
9 Cylinder  150 φ 450 ht  142.0 238.6 14.20 23.86 
10 Cylinder 150 φ 600 ht  128.0 206.4 12.80 20.64 
11 Prism 100100200  163.0 282.0 16.30 28.20 
12 Prism 100100300  150.0 271.0 15.00 27.10 
13 Prism 100100400  142.0 258.0 14.20 25.80 
14 Prism 100100500  128.0 232.0 12.80 23.20 
15 Prism 150150300  181.2 318.0 18.12 31.80 
16 Prism 150150450  162.0 298.0 16.20 29.80 
17 Prism 150150600  148.0 280.0 14.80 28.00  Effect of Size and Shape of Specimen on Compressive Strength of Glass Fiber Reinforced Concrete (GFRC)  5 
Table 3. Compressive strength results (glass fiber concretes) 
S. 
No 
Specimen 
type 
Size of 
specimen 
(mm) 
Average 7-day 
comp. load 
(kN) 
Average 28-day
comp. load 
(kN) 
7-day comp. 
strength 
(MPa) 
28-day comp. 
strength 
(MPa) 
1 Cube  100100100  184.0 318.0 18.40 31.80 
2 Cube  150150150  212.0 342.0 21.20 34.20 
3 Cylinder  100 φ 100ht  175.0 304.0 17.50 30.40 
4 Cylinder  100 φ 200 ht  170.0 268.0 17.00 26.80 
5 Cylinder  100 φ 300 ht  164.0 276.2 16.40 27.62 
6 Cylinder  100 φ 400 ht  158.0 230.7 15.80 23.07 
7 Cylinder  150 φ 150 ht  202.0 318.0 20.20 31.80 
8 Cylinder  150 φ 300 ht  168.1 276.0 16.81 27.60 
9 Cylinder  150 φ 450 ht  154.2 259.4 15.42 25.94 
10 Cylinder 150 φ 600 ht  146.4 225.6 14.64 22.56 
11 Prism 100100200  182.0 314.0 18.00 31.40 
12 Prism 100100300  168.0 294.0 16.80 29.40 
13 Prism 100100400  160.0 274.0 16.00 27.40 
14 Prism 100100500  139.1 248.0 13.91 24.80 
15 Prism 150150300  194.1 332.0 19.41 33.20 
16 Prism 150150450  178.0 326.0 17.80 32.60 
17 Prism 150150600  162.0 256.2 16.20 25.62 
3.1 Effect of Size of the Specimen on Compressive Strength  
Figs.1&2  depict the variation of compressive strength with cube size for plain 
concrete and glass fiber concretes respectively for 100 and 150mm based cubes. Fig-1 
shows the variation without fiber specimens and it may be noted from this figure that the 
increase in compressive strength was though noted in both 100mm based and 150mm 
based specimens it may be noted that the percentage change as expected was there with 
fiber addition though marginally. Further, it was also noted that change in strength was 
more evident for higher size specimens, everything being constant. Sometimes, there was 
a decrease in compressive strength also. 
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Fig. 1. Variation of compressive strength  Fig. 2. Variation of compressive strength    
with size of cubes (non fibrous)                            with size of cubes (glass fiber) M.V. KRISHNA RAO, P. RATHISH KUMAR, B. SRINIVAS  6 
3.2 Effect of Slenderness ratio on the Compressive strength of Concrete 
To understand the behaviour of slenderness ratio (H/D ratio), Figs 3 and 4 are plotted 
for compressive strength with respect to the slenderness ratio based on 100mm diameter 
cylinders. Similarly, Figs 5 and 6 shows the variation based on 150mm diameter 
cylinders. It is evident from the study that as the slenderness increases there is a decrease 
in the compressive strength. This is true irrespective of the size of the specimen used and 
addition of fibers. However the fiber based specimens showed higher values as compared 
to no fiber specimens. For the same shape of the specimens as can be observed from the 
Figs 3&4 and Figs 5&6 in general 100mm diameter based cylinders both non fibrous and 
fibrous specimens gave higher values for identical slenderness values. This is in 
agreement with the compressive strength of cubes.  
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Fig. 3 &4. Variation of compressive strength (based on 100 mm diameter cylinders) 
(non fibrous and glass fiber) 
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Fig. 5 &6. Variation of compressive strength (based on 150 mm diameter cylinders) 
(non fibrous and glass fiber) 
3.3 Effect of Shape of the Specimen on Compressive Strength 
The effect of slenderness on the compressive strength of concrete was studied based 
on the cylinders. A similar investigation was made on square based specimens and as in 
case of circular shape specimens with an increase in the slenderness value as observed in 
Figs 7&8 and Figs 9&10 there is a decrease in the compressive strength. This is true of  Effect of Size and Shape of Specimen on Compressive Strength of Glass Fiber Reinforced Concrete (GFRC)  7 
both fibrous and non-fibrous specimens. Further, the steepness in the decrease is more in 
square shaped specimen as against circular shape specimens for the same H/D ratio.  
Figs 11&12 show the comparison of shape effect based on 100mm based specimens. 
A comparison for different slenderness ratios with reference to different shapes viz., 
square and circular can be noticed from these figures for non fibrous and glass fiber based 
specimens. The comparison is also done for the different ages i.e. 7 and 28 day strengths. 
The square based prisms always gave higher values and fibrous specimens gave values 
marginally higher than circular based specimens. The results are almost identical with 
150mm square and circular based specimens as is evident from Figs 13 and 14. 
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Slenderness Ratio vs Compressive Strength 
(with Glass Fiber)
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Fig.7 &8.  Variation of compressive strength (based on 100 mm square prisms) 
(non fibrous and glass fiber) 
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Fig. 9 &10. Variation of compressive strength (based on 150 mm square prisms) 
(non fibrous and glass fiber) 
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Fig. 11 &12. Shape effect on compressive strength (100 mm square and circular specimens) M.V. KRISHNA RAO, P. RATHISH KUMAR, B. SRINIVAS  8 
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Slenderness Ratio Vs Compressive Strength
(With Glass Fiber)
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Fig. 13 &14. Shape effect on compressive strength (150 mm square and circular specimens) 
4. CONCLUSION 
The following conclusions are drawn from the experimental investigations on size and 
shape effects based on cube, cylinder and prism specimens 
1.  There is a marginal increase in the average compressive strength with glass fiber 
addition. The increase is more in 100mm cubes as compared to 150mm cubes. 
2.  In general, the compressive strength based on 150mm cubes is slightly more than 
100mm cubes. However, to conclude if 150mm is the optimum, tests on larger cubes 
like 200mm are to be performed. 
3.  100mm diameter cylinders have higher compressive strength than 150mm diameter 
cylinders. This has been true even with the presence of fibers. 
4.  For H/D =1, compressive strength based on 150mm diameter cylinders are lower as 
compared to 100mm diameter cylinders for the same H/D values.  
5.  The general decrease in the compressive strength with increase in H/D is very clear, 
however, the decrease is steeper for 100mm base prisms as compared to 100mm 
base cylinders. 
6.  A comparison of 150mm base cylinders and 150mm square prisms shows that the 
compressive strength values are higher for 150mm square specimens. The rate of 
decrease is more in this case as compared to 150mm circular shaped to that of 
150mm base cylinder specimens. 
The ratio of 28 day compressive strength of cylindrical specimen of size 150mm 
diameter and 300mm height to that of a 150mm cube is obtained as 0.77 for plain 
concrete & 0.81 for glass fiber concrete, while the ratios are 0.95 and 0.96 in case of 100 
mm cubes strength to 100  200mm cylinders for plain concrete and glass fiber concrete 
respectively. 
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UTICAJ VELIČINE I OBLIKA PROBNOG TELA NA ČVRSTOĆU 
PRI PRITISKU BETONA ARMIRANIH STAKLENIM VLAKNIMA 
(GFRC) 
M.V. Krishna Rao, P. Rathish Kumar, B. Srinivas 
Beton je materijal sa raznovrsnom primenom u građevinarstvu. Betonski konstruktivni elementi su 
naješće napravljeni od betona koji imaju visoku čvrstoću na pritisak od 20 do 35 MPa. U poslednje 
vreme povećana je upotreba betona visoke čvrstoće na pritisak (HSC) u okviru velikih građevinskih 
projekata, kao što su oblakoderi i mostovi koji imaju elemente različitih oblika i veličina. Čvrstoća pri 
pritisku betona je korišćena kao najosnovnija i najvažnija osobina materijala kod projektovanja objekata 
od armiranog betona. Korišćenje ovih parametara postaje problem, jer se oblik i veličina probnih tela 
razlikuju od zemlje do zemlje. U Indiji se karakteristična čvrstoća pri pritisku meri na kockama koje imaju 
ivicu od 150 mm [1]. Međutim, pravilnik ACI predviđa projektovanje na temelju čvrstoća na  pritisak 
dobijenih na standardnim cilindrima dimenzija 150  300 mm [2]. Korišćenje cilindara dimenzija 100  
200 mm postaje sve više prihvaćeno, kako raste potreba za ispitivanjem betona visoke čvrstoće [3]. U 
ovom smislu, veličina i oblik betonskog tela postaje važan parametar kod čvrstoće na pritisak.  
U svetlu važnosti čvrstoće na pritisak betona i zahvaljujući činjenici da se koriste konstruktivni 
elementi različitih veličina i oblika, predlaže se ispitivanje uticaja veličine i oblika probnih tela na 
rezultate čvrstoće betona na pritisak. U ovom radu su pripremljena probna tela od običnog i betona 
ojačanog staklenim vlaknima (GFRC), da bi se izvršila uporedna analiza.  
Ključne reči:   čvrstoća pri pritisku, efekat veličine, beton armiran staklenim vlaknima 